A nonsynonymous single nucleotide polymorphism (SNP) of the low-affinity IgE receptor (FceRII/CD23) gene resulting in an arginine to tryptophan exchange at amino-acid position 62 (R62W) has been associated with enhanced T-cell responses to antigen in allergic subjects. To explore the mechanism, a CD23(a) cDNA was cloned into the plasmid pCMVScript-CD23a-C with a C allele (R62). The pCMVScript-CD23a-T with T (W62) was produced using a site-directed mutagenesis approach. The pCMVScript-CD23a-C only (CC), mixture of pCMVScript-CD23a-T and pCMVSCript-CD23a-C (CT) and pCMVScript-CD23a-T only (TT) plasmids were transfected in Cos-7 cells at equivalence in transfection efficiency. No soluble CD23 was released from TT transfectants whereas a higher level of soluble CD23 was detected in CC than in CT transfectants. Human leukocyte elastase (HLE), cathepsin G, the dust mite allergen Der p I and ADAM 33 (A disintegrin and metalloproteinase) were found to cleave membrane CD23 in CC but not in TT transfectants, implying the resistance of CD23 to enzymatic cleavage associated with T mutant. Addition of tunicamycin resulted in the resistance of CD23 to Der p I mediated cleavage in CC but no change in TT transfectants. These results indicate that R62W influences the stability of membrane CD23 molecules due to possibly diminished N-glycosylation.
Introduction
IgE has long been considered to be the key molecule in allergic diseases. Binding of IgE antigen complexes to its two receptors, high-affinity IgE receptor (FceRI) and lowaffinity IgE receptor (FceRII/CD23), initiates immune, inflammatory and regulatory reactions in allergic diseases. Activation of FceRI seems to be involved in acute allergic responses to allergens mainly through mast cells and basophils. CD23 appears to mediate various pathogenic functions in IgE-mediated immunity including antigen focusing and presentation, regulating IgE synthesis, promoting T-and B-cell differentiation and growth and mediating the production of proinflammatory cytokines. [1] [2] [3] [4] [5] [6] [7] [8] CD23 is a single-chain glycoprotein with an apparent molecular weight of 45 kDa. It is widely distributed on a variety of human cells 9 and can be cleaved into soluble CD23 fragments, which contribute to its diverse immune activities. 10, 11 Two subtypes, FceRIIa/CD23a and FceRIIb/CD23b, have been identified. They differ in six to seven different amino acids in the N-terminal cytoplasmic side, but share the common C-terminal extracellular region. FceRIIa/CD23a is believed to constitutively express only in normal B cells and B-cell lines, whereas FceRIIa/CD23b is induced in various cell types. The levels of CD23 expression on blood lymphocytes, alveolar macrophages and airway smooth muscle cells, as well as soluble CD23 levels in serum have been shown to be elevated in allergic diseases. Immunotherapy of allergic diseases and systemic treatment significantly reduce its expression. [12] [13] [14] [15] [16] [17] In CD23-deficient transgenic mice, allergic airway hyper-responsiveness was significantly reduced in comparison to wild-type mice. Anti-CD23 antibodies also can reduce allergic airway inflammation including IgE levels and eosinophilia, and normalize allergen-stimulated airway responsiveness in wild-type sensitized mice. 18, 19 Recent studies also indicate that genetic polymorphisms of CD23 as well as its expression levels are important factors for the occurrence, severity and even treatment in allergic diseases. A significant allele and haplotype association of CD23 with the phenotypes in allergic diseases has been observed in a genetic epidemiological study. 20 CD23 single nucleotide polymorphisms (SNPs) have recently been associated with a significantly increased severe exacerbation in children with asthma by Tantisira et al. 21 Given that CD23 can mediate allergen presentation through IgE, it was hypothesized that the SNPs of CD23 may impact allergen-induced T-cell responses, possibly accounting for some associations of CD23 genetic polymorphisms with allergic diseases. In an epidemiological study, we recruited 42 human subjects, including 22 with allergy or asthma and 20 as healthy controls. Using a PCR-linked restriction fragment length polymorphism (RFLP) method, a coding region SNP (R62W) was identified at allele 3750 in exon 4 of CD23 in which C is replaced by T (rs228137), which is expected to result in an amino-acid change from Arg to Trp at position 62 (NP_001993) close to the root of the N-linked carbohydrate chain on CD23 ( Figure 1 ). T-cell proliferation in response to tetanus toxoid antigen was significantly higher in allergic subjects with CT heterozygous polymorphism allergic subjects than those with CC wild type. 21 Recently, Tantisira et al. 21 found the T allele at this SNP is associated with an increased risk of asthma exacerbation (odd ratio (OR) ¼ 1.8). The T allele seems not to be a rare event (allele frequency ¼ 0.15 in our study population) and the proportion of patients with the heterozygous polymorphism was 26.2%. Owing to the possible variations among different populations, the frequency of T allele can even reach up to 0.25 in a report by WIAF-CSNP: WIAF-CSNP-MITOGPOP5. However, no direct evidence has been obtained concerning the functional consequences derived from this genetic polymorphism. In order to understand the mechanisms involved in the polymorphism-associated enhancement of T-cell response to antigen, we explored the functional variation caused by this cSNP in CD23 in vitro. Using in vitro transient transfection systems and site-directed mutagenesis techniques, we observed that the polymorphism R62W could result in resistance of CD23 to enzymatic cleavage.
Results
We cloned CD23(a) cDNA into pCMVScript vectors forming pCMVScript-CD23a-C with allele C at position 362 as described in the Materials and methods section. A site-directed mutagenesis system was then utilized to produce plasmid pCMVScript-CD23a-T with a T allele instead of C. The insertion of CD23 in the right direction with content C or T allele was confirmed through endonuclease enzyme digestion and DNA sequencing approaches (data not shown).
Different combinations of plasmids pCMVScriptCD23a-C and pCMVScript-CD23a-T were transiently transfected into Cos-7 cells to simulate three distinct genotypes observed in vivo. These include 2 mg of pCMVScript-CD23a-C for wild type (CC), 1 mg of each pCMVScript-CD23a-C and pCMVScript-CD23a-T for heterozygous polymorphism (CT) and 2 mg of pCMVScript-CD23a-T for homozygous polymorphism (TT). The pCMVScript vector was used as a negative control and Epstein-Bar virus (EBV) transformed B cells were used as a positive control. The equivalence in transcription efficiency and gene expression levels among transfection groups was examined using realtime PCR and co-transfection with plasmid pAAV-lacZ for b-galactosidase (provided by Dr Hongbin Su's lab Reduction of soluble CD23 release after C to T mutation Given that soluble CD23 could be released from membrane CD23 by various catalytic enzymes, its concentrations in the supernatant were examined 48 h after transfection. Surprisingly, there was a significantly higher level of soluble CD23 in CC (10.3072.31 ng/ml) than in CT transfected cells (6.36 þ 2.73 ng/ml) (Student's t-test, P ¼ 0.0393o0.05) (see Figure 2) , whereas soluble CD23 is undetectable in TT-transfected cells. No soluble CD23 was detectable in the supernatant of vector control cells, although about 210 ng/ml of soluble CD23 (210.26712.93 ng/ml) was detected in EBV transformed B cells as anticipated. These results suggest the possibility that the cSNP R62W may reduce the release of soluble CD23 from the transfected cells and induce the resistance of membrane CD23 to enzymatic cleavage.
Resistance to cleavage of CD23 by Der p I, human leukocyte elastase and cathepsin G after C to T mutation To evaluate the aforementioned possibility, the transiently transfected Cos-7 cells were treated with several enzymes that have been reported to cleave CD23, and their capacities to cleave membrane CD23 in CC, CT and TT groups were compared.
Der p I, a cysteine protease and a major allergen of the house dust mite Dermatophagoides pteronyssinus, has been reported to cleave CD23 from the surface of cultured human B cells. 22 At 48 h after transfection, Cos-7 cells were cultured in the presence or absence of Der p I (50 mg/ml, 1 h). Der p I treatment significantly reduced CD23 MFI in CC and CT transfected Cos-7 cells ( Figure 3A and Table 1 ; ANOVA, Po0.0001; Tukey test, P ¼ 0.0011o0.05). There were also differences among the CC, CT and TT groups in terms of Der p I catalytic potential. A higher level of MFI for CD23 was observed in TT than in CC and CT after treatment with Der p I ( Figure 3A ; ANOVA, P ¼ 0.0009o0.001; Tukey test, TT vs CC, P ¼ 0.0034o0.05 and TT vs CT, P ¼ 0.038o0.05), although no significant difference in membrane CD23 among the CC, CT and TT groups was shown in the absence of Der p I (P ¼ 0.445640.05). These results support the possibility that the cSNP R62W within CD23 results in the resistance of CD23 to Der p I in terms of cleavage capacity and has a stabilized membrane CD23. The resistance of the cSNP R62W within CD23 to enzymatic cleavage was also observed in Jurkat cells. After Jurkat cells were transfected and incubated with Der p I in the same experimental procedures as described above, a lower level of MFI for CD23 in Der p I-treated CD23 positive cells was shown ( Figure 3B) . A greater decrease in MFI for CD23 was noticed in CC (b) than in CT (c) and TT (d). Thus, the results from the experiments utilizing Jurkat cells further support the possibility that the cSNP R62W enhanced the stability of surfaceexpressed CD23.
Human leukocyte elastase (HLE) and cathepsin G are polymorphonuclear neutrophil-derived serine proteases. They have been reported to cleave membrane CD23 and account for the release of soluble CD23 fragments. 23 Thus, we compared their capacity to cleave membrane CD23 in transiently transfected Cos-7 cells among different genotypes. At 48 h after transfection, Cos-7 cells transfected with CC, CT and TT as well as EBV transformed B cells were cultured in the presence or absence of HLE (200 mg/ml, 1 h) and cathepsin G (25 mg/ ml, 1 h). Similar to the results seen with Der P I, the MFI for CD23 was diminished significantly for EBV cells and for CC and CT transfected Cos-7 cells by HLE and cathepsin G (Table 1) . TT-transfected cells seem to be more resistant to HLE and cathepsin G than CC, which is evidenced by no significant differences for MFI compared to the control (Table 1) . These results are consistent with the hypothesis that the cSNP R62W renders CD23 more resistant to cleavage by HLE, cathepsin G and Der p I and results in a more stabilized membrane CD23. Capacity of ADAM33 to cleave CD23 and the resistance to cleavage after C to T mutation ADAM33 is a gene encoding a metalloproteinase enzyme whose genetic polymorphisms have been associated with asthma and respiratory hyper-responsiveness. Figure 4b ). Meanwhile, the proportions of soluble CD23 in the supernatants of the ADAM33 group over vector control group were increased with higher levels of ADAM33 groups seen in a dose response manner (Spearman correlation coefficient r ¼ À0.8605, Po0.0001, see Figure 4c ). These results clearly suggest that ADAM33 exhibits catalytic activity towards CD23 molecules. To examine whether there is a difference in the effect of ADAM33 on CD23 CC and TT, transfection of pScript-CD23 TT in Cos-7 cells was performed. There was a significantly higher level of soluble CD23 in the supernatant of the CD23 CC plus ADAM33 group than in that of CD23 CC plus vector control group, and a similar observation was seen in transfected FreeStyle 293-F cells (21.9570.09% higher, P ¼ 0.0192o0.05). No soluble CD23 could be detected in either CD23 TT plus ADAM33 or CD23 TT plus vector control. The addition of ADAM33 did not enhance the release of CD23 from membrane in TT-transfected cultures, suggesting that the cSNP R62W within CD23 leads to a resistance of CD23 to the enzymatic effects of ADAM33.
N-glycosylation may account for the induced resistance As C to T mutation at allele 362 is assumed to cause the amino-acid change at residue 62 (R62W) close to the N-glycosylation site, it is hypothesized that this aminoacid change from arginine to tryptophan may affect N-glycosylation and thereby mediate the enhanced resistance. The resistance of CD23 to enzymatic cleavage was tested in the presence of an N-glycosylation inhibitor. Tunicamycin is an inhibitor of the N-glycosylation of glycoproteins that blocks the first step in the biosynthesis of the lipid-linked oligosaccharide precursor. 24 Transiently transfected Cos-7 cells were incubated with tunicamycin at 0.8 mg/ml for 48 h to inhibit N-glycosylation. The cells were subsequently incubated with Der p I (50 mg/ml, 1 h). The approximately 30% (71.2874.32% left) cleavage by Der p I in the CC group was decreased to about 10% (90.473.98% left) as a result of pretreatment with tunicamycin, which was a statistically significant difference (P ¼ 0.0039o0.01) (see Figure 5 ). The reduction of soluble CD23 in the supernatant is concordant with this finding (data not shown). These results indicate that inhibition of N-glycosylation by tunicamycin results in resistance to enzymatic cleavage in CC transfected cultures. At the same time, tunicamycin did not change the resistance of TT to Der p I cleavage significantly. The difference in catalytic potential of Der p I toward membrane CD23 CC and TT was diminished after pretreatment with tunicamycin (see Figure 5 ). This suggests that the amino-acid change from arginine to tryptophan, as a result of mutation from C to T at allele 362, may influence the N-glycosylation reaction accounting for the observed resistance to enzymatic cleavage.
Discussion
The fact that CD23 mediates IgE-specific antigen presentation has been extensively studied. CD23 could enhance IgE antigen complex presentation 100-fold more than either unfocused or IgG bound antigen in animal studies. [25] [26] [27] The proposed roles for CD23 in antigen presentation include the binding of antigen-IgE-antibody complexes, internalization of the complexes, transport to compartments of the endosomal network containing proteolytic enzymes, interaction with major histocompatibility complex (MHC) class II antigens and interaction with CD21 at the points of contact on the Band T-cell surfaces. 28, 29 An integrated CD23 is believed to be important for the IgE-mediated antigen presentation. A stabilized CD23 on the antigen presenting cells may result in enhanced T-cell proliferation in response to antigen. Our present results indicate that the cSNP R62W within CD23 may mediate the resistance of CD23 to enzymatic cleavage, and therefore stabilizes CD23 on cell membranes. This may result in higher T-cell proliferation in response to antigen as observed in our genetic epidemiological study.
Our epidemiological study also showed that the significant difference in antigen presentation between CT and CC occurs in allergic subjects rather than in healthy control subjects although the increased trend was observed for CT in the healthy controls too. Allergic individuals may have higher levels of IgE that could mediate allergen reactions related to CD23 genetic variations. Our present study clearly indicated that various endogenous enzymes can destabilize CD23 molecules and the T variant induces the resistance of CD23 to these enzymes. Although the resistance of CD23 to each individual enzyme by the T variant is small, the combined effects of resistance to multiple enzymes may result in a meaningful change in cell activation and allergic risk. Allergic inflammation is a complicated immunological process that requires diverse cells to aggregate and be activated. Numerous endogenous enzymes such as HLE, cathespin G and perhaps others could be produced from mononuclear cells and could affect this process. 23 Therefore, the cSNP R62W may contribute to immune mediated dysfunction in allergic reactions. The ADAM (a disintegrin and metalloproteinase) gene family is a subgroup of the zinc-dependent metalloproteinase superfamily, which mediates extracellular matrix remodeling during discrete physiological processes. 31 A major function of active ADAMs is the proteolytic release of cell-surface membrane proteins such as cytokines, growth factors and receptors. 31 Several membranebound matrix metalloproteases such as ADAM8, ADAM15 and ADAM28 have been found to catalyze ectodomain shedding of CD23. 30 ADAM33 is a newly discovered gene that has been associated with asthma and bronchial hyper-responsiveness in a genetic-linkage analysis. 31 However, it is still unknown what the physiological functions and the roles of ADAM33 are in the pathophysiology of asthma. The full-length ADAM33 alternatively signalized message may affect lung cell development. ADAM33 is primarily expressed in lung fibroblasts and bronchial smooth muscle cells, 30 and is hypothesized to be involved in bronchial tissue remodeling in asthmatics.
32 ADAM33 has been reported to cleave several substrates and mediate the production of growth factors and cytokines from the cell surface for stimulating lung cells. The proteolytic reactions may involve part of the substrate and the catalytic domain of the ADAMs, or between the juxtamembrane region of the substrate and both the active site and the disintegrin domain (or with the cysteine-rich domain) of the ADAM. The substrate and the disintegrin domain (or with cysteine-rich domain) of ADAM on the cytoplasmic membrane [33] [34] [35] may also be involved. Our results suggest that ADAM33 could catalyze the shedding of soluble CD23, implying that the interaction of CD23 with ADAM33 may be important in allergic asthmatic pathogenesis. The cSNP R62W within CD23 may impact allergic reactions in the airway of asthmatic patients due to its resistance to ADAM33. The consequences may be further complicated owing to the polymorphisms of ADAM33, which cause the loss of its catalytic activity.
In addition to the above-discussed endogenous enzymes, many allergens themselves have an enzymatic activity that influences the shedding of surface molecules. As an example, Der p I, a cysteine protease representing a major allergen of the house dust mite D. pteronyssinus, has been shown to cleave CD23 from the membrane of cultured human B cells. 22, 36, 37 It is suggested that Der p I might enhance its potent allergenicity by disrupting the IgE negative feedback network via selectively cleaving CD23 and CD25. 22 The proteolytic activity of Der p I toward CD23 was confirmed in transfected Cos-7 cells and mutation to T from C caused the resistance of CD23 to Der p I in this study. These suggest that patients with the T allele at R62W might be less susceptible to Der p I in terms of the IgE-mediated reaction.
Located at asparagine 63 of CD23 is an N-glycosylation site for N-linked sugar chains. N-glycosylation has been suggested to have the potential to mediate a variety of functions for CD23. However, reports about whether N-glycosylation determines the resistance of CD23 to enzymatic cleavage are contradictory. Sarfati et al. 38 reported that tunicamycin did not affect any IgE binding factors' production, which were assumed to be soluble CD23 in RPMI 8866 cells, but the production of soluble CD23 was observed to be increased by tunicamycin from the same group suggesting that N-glycosylation may protect CD23 from degradation into soluble CD23. 39 In our present study, we observed that the inhibition of Nglycosylation actually protects CD23 from the degradation by Der p I. The differences in experimental conditions or cell systems adopted may have contributed to the contradictory results, because we noticed that CD23 on EBV B cell surface is more susceptible to enzymatic cleavage than on Cos-7 cells in our experiments. With respect to the potential influences of nonsynonymous mutation on protein structure and function, the substitution of arginine and tryptophan may cause a change in structure or function possibly due to their dissimilar physical and chemical properties. The association of R/W SNP with various genetic related diseases has been well documented in the literature. 40 As R62W occurs at the root of N-glycosylation in CD23, we hypothesized that the functional consequences derived from R62W are associated with a change in N-glycosylation. Our results using tunicamycin suggest that the resistance of CD23 TT to enzymes may be an outcome of the inhibition of N-glycosylation.
Carbohydrate residues related to N-glycosylation have been suggested to be involved in IgE binding, cell interactions and the formation of a-helical coiled-coil stalks that mediate the formation of trimers of CD23 as well as the interaction of CD23 with MHCII class. Fucose-1-phosphate has been described as a competitive inhibitor of IgE binding to CD23 suggesting a possible role of glycosylation in the binding of IgE to CD23. 9, 39 Leucine zipper sequences, located between the Nglycosylation site and the lectin domain, have been suggested as one of the structural features that make the a-helical coiled-coil stalk. This a-helical coiled-coil stalk has similar functions as an S-S bridge, and an even more convenient means of polymerization. Clustered receptors are expected to exhibit higher affinity to the carbohydrate chains and may enhance cell-cell interactions. 41 Another important structural feature of CD23 is the RGD-binding inhibitory peptide spanning from aminoacid position 58 to 69 around the N-glycosylation site. 42, 43 This inhibitory sequence has been suggested to prevent the reverse RGD sequence near the extracellular terminus of the CD23 molecule from binding to MHC class II molecules. 43 As the binding of CD23 to MHC II has been observed to be involved in CD23-mediated antigen presentation, it is quite possible that loss of N-glycosylation may lead to functional changes in the binding affinity of CD23 to MHC II and result in enhanced IgEantigen complex presentation. 28 The genetic polymorphism R62W is expected to affect these various functions via the involvement of N-glycosylation. A further clarification of association of the genetic polymorphism R62W with IgE binding affinity and its interaction with MHCII will offer other potential mechanisms to understand the significance of R62W in specific immunological and allergic reactions.
Materials and methods

Materials
The pCMV-Script XR predigested vector for cloning CD23 was purchased from Stratagene (LaJolla, CA, USA). Cloned full ADAM33 cDNA fragment in pcDNA3.1 plasmid was kindly provided by Dr Shelby Umland (Schering Plough Research Institute, Kenilworth, NJ, USA). HLE and cathepsin G were purchased from Sigma Aldrich (St Louis, MO, USA). Der p I was ordered from Indoor Biotechnologies, Ltd (Charlottesville, VA, USA). All primers for CD23 real-time PCR and reverse transcriptase PCR were made by National Jewish Molecular Resource Center. The culture medium was obtained from Life Technologies-GIBCOL (Grand Island, NY, USA). The sources of various kit, reagents and facilities in the methods section are listed below.
Methods
Cloning of CD23a. Total RNA was isolated from the EBV-transformed B cells of a subject with wild genotype CC at 362 allele (provided by Dr James Jones) using RNeasy mini kit according to the instruction of the manufacturer (Qiagen Inc., Valencia, CA, USA). Total RNA collected was examined for purity, quantified by spectrophotometer (DU-640) (Beckman, Fullerton, CA, USA) and used for the subsequent reverse transcriptase PCR.
CD23a cDNA at region 148-1260 (NM_002002) was derived from the above RNA using reverse transcription system from Promega (Madison, WI, USA) and then amplified by PCR. The primers' sequences are as follows: forward primer -CGGAATTCCGGTGAGTGCTCCAT CATCGGG and reverse primer -CCGCTCGAGCGG CGTTTGGGTGGCAGAAAATG. The produced PCR fragment of CD23a with 1113 bp length was purified using the QIAquick PCR purification kit (QIAGEN inc., Valencia, CA, USA).
The purified CD23a PCR fragment was digested by enzymes EcoR I and Xho I producing 3 0 and 5 0 protruding termini. Then this restriction fragment was ligated with pCMV-Script XR predigested vector, which owns 5 0 EcoR I and 3 0 Xho I restriction sites (Stratagene, Lajolla, CA, USA) overnight at 41C under T4 ligase. The ligated vector was screened based on kanamycin resistance and amplified in Escherichia coli, and then purified using QIAprep Miniprep kit (Qiagen Inc., Valencia, CA, USA). The purified plasmids were digested by molecular endonucleases Ase I and Bgl II to verify the insertion of CD23a PCR fragment into pCMVScript vector correctly and in the right direction based on the expected DNA sequence in the constructed plasmid pCMVScript-CD23a-C. The plasmid that produced two DNA fragments with length 1.1 and 4.26 kb was considered as pCMVScript-CD23a-C (data not shown). DNA sequencing with forward primer in the T3 promoter and reverse primer in the T7 promoter regions was performed using a DNA sequencing kit with the Big Dye Terminator Cycle sequencing ready reaction (Applied Biosystems, Foster City, CA, USA) to verify that the DNA sequence at position 362 of CD23a in the plasmid is C, and that the insertion of CD23a cDNA fragment was complete in the right direction.
Site-directed mutagenesis. To produce plasmid pCMVScript-CD23a-T, which contains T instead of C at position 362 (NM_002002), the QuikChange XL Directed Mutagenesis kit (Stratagene, LaJolla, CA, USA) was used for a point mutation on pCMV-Script-CD23a-C. As instructed by the manufacturer, opposite primers were designed as Oligo primer 1: GAAGAGAGGGCTGCCTGGAAC GTCTCTCAAG and Oligo primer 2: CTTGAGAGA CGTTCCAGGCAGCCCTCTCTTC. The primers and pCMVScript-CD23a-C were added together with Turbo DNA polymerase for the new DNA strand synthesis. After digestion by Dpn I to get rid of methylated or hemimethylated plasmid DNA, the mutated clone was screened for kanamycin resistance. Verification for plasmids containing CD23a cDNA was performed by molecular endonucleases Ase I and Bgl II digestion. DNA sequencing with forward primer in the T3 promoter as described above was also used to confirm the mutation to T from C at position 362.
Transfection of plasmids. The transfection of plasmids in Cos-7 cells was performed using LIPOFECTAMINE PLUS Reagent from Life Technologies Inc. (Rockville, MD, USA). Cos-7 cells (3 Â 10 5 ) were cultured in six-well culture plates 1 day before transfection. Specific amounts of plasmid DNA were mixed with Plus reagent, and then incubated with lipofectamine for complex formation. Subsequently, the DNA-plus-lipofectamine reagent complexes were added to Cos-7 cell culture. After 48-h incubation, Cos-7 cells were harvested by PBS/EDTA (0.1 mM) and used for subsequent analysis of CD23 expression.
An electroporation protocol was utilized to transfect plasmid DNA into Jurkat cells. In brief, Jurkat cells at late logphase were harvested and washed with PBS, and then resuspended in antibiotic-free RPMI 1640 medium, transferred to electroporation cuvettes and mixed with plasmid DNA. The cells in cuvettes were shocked two times at voltage 800 mF, low resistance, fast charge, 240 V in cell porator (GIBCO-BRL Life Technologies, Gaitherburg, MD, USA). Finally, the transfected cells were diluted 20-fold in antibiotic-free complete RPMI 1640 medium and cultured with PHA (1 mg/ml) and PMA (50 ng/ml) until expression evaluation was performed.
FreeStyle 293-F suspension cells were cultured in FreeStyle 293 expression medium and transfection was carried out according to the protocol of Invitrogen Inc. (Carlsbad, CA, USA). DNA-lipid complexes were prepared by mixing plasmid DNA with 293 fectin in Opti-MEM I medium and incubating for 20-30 min. Then the DNA-lipid complexes were added into cell suspension cultures. The transfected cells were incubated at 371C on an orbital shaker until the determination of cell-surface CD23 and soluble CD23 in cell-culture supernatant was performed.
Flowcytometry. Flowcytometry was used to evaluate membrane CD23 expression on diverse cell types. Target cells were harvested in PBS/EDTA (0.1 mM) solution, washed with Hank's buffer solution and then resuspended in FACS buffer (1 Â PBS, 2.0% calf serum, 0.1% BSA), which contains PE (phycoerythrin)-conjugated CD23 mouse anti-human monoclonal antibody (BD Pharmingen Bioscience, San Diego, CA, USA). After 30 min in the dark, cells were washed and resuspended in FACS buffer. The cell harvesting and data acquisition were accomplished using BD FACScan flowcytometers linked with CellQuest software (BD, San Jose, CA, USA). CD23-PE fluorescence intensity of 1 Â 10 4 cells was counted for each sample as the expression level on the cell membrane. A geometric value of MFI was used due to less variation on repeated experiments.
Real-time PCR. Real-time PCR was developed to detect the mRNA level of CD23 and b-galactosidase by applying TaqMan universal PCR mix (AB Applied Biosystems, Foster City, CA, USA). Initially, total RNA was extracted using the RNeasy mini kit (Qiagen Inc., Valencia, CA, USA) and cDNA was synthesized with the reverse transcription system (Promega, Madison, WI, USA) as described above. For CD23, the forward primer (GGTGACCAGATG GCGCA) and reverse primer (TTCAGCTCGAAGTTCCTCCAGT) at 300 nM and the TaqMan probe (ATCCCAGTCCACGCAGATTTCACA GG) at 250 nM were added in a 50 ml total reaction volume. For b-galactosidase, the forward primer (AACCCG AAACTGTGGAGCG) and the reverse primer (CGTCGGCGGTGTGCA) at 300 nM and the TaqMan probe (ATCCCGAATCTCTATCGTGCGGTGGT) at 250 nM were added in a 50 ml total reaction volume. The fluorescent reporter dye FAM (6-carboxyfluoresceine) linked to 5 0 end of the probe was quenched by Black hole quencher (Biosearch Technologies Inc., Novato, CA, USA) linked to 3 0 end. Real-time PCR for CD23 and bgalactosidase was performed separately for each sample using ABI PRISM 7700 sequence detection system (AB Applied Biosystems, Foster City, CA, USA) and threshold cycle (C T ) was captured. Standard curves of threshold cycles with the amounts of plasmid pCMVScriptCD23a-C at 0, 0.005, 0.05 and 0.5 ng or with pAAV-lacZ at 0.5, 1.0 and 5.0 ng were produced for each experiment so that DNA quantization was normalized between experiments. The exact DNA copies were calculated from the following formula: DNA copies ¼ (DNA amounts (ng) Â 6.02)/(0.66 Â number of base pairs for plasmid) ( Â 10 11 ).
ELISA for soluble CD23. The culture supernatant was collected and evaluated for soluble CD23 concentration using the BD OptEIA human CD23 Elisa kit (BD Pharmingen Bioscience, San Diego, CA, USA). As instructed, standard soluble CD23 and samples were incubated in coated wells. The working detector solution containing CD23 antibody linked to avidin-horseradish peroxidase was added to each well and incubated for 1 h. After repeatedly washing, tetramethylbenzidine (TMB) substrate solution was added and incubated for 30 min in the dark for the color reaction. Finally, the stop solution was added to each well before the absorbance at 450 nm was read using a Microplate Autoreader EL311 (Bio-Tek instruments Inc., Winooski, VT, USA). The soluble CD23 concentration for each sample was derived using a standard curve for soluble CD23.
Statistics. Statistical analyses were performed using SAS 9.13. Mean and standard deviation of values in replicate experiments were calculated in PROC TTEST and PROC GLM. To compare the difference between two groups, the equality of variance was first examined by folded F-test and then the difference was tested by Student's t-test given equal variance existed. Otherwise, the Satterthwaite method was applied. To compare the differences among more than two groups, the homogeneity of variance was examined by Levene's test and ANOVA was applied for the significance test. Tukey's adjustment was used for multiple comparisons to avoid inflated type I error. Significance level was set at 0.05. Spearman correlation coefficients were estimated for the correlation of two independent variables to evaluate a dose-dependent response using PROC CORR.
